A Gram-negative, rod-shaped, non-spore-forming and nitrogen-fixing bacterium, designated ICB 89 T , was isolated from stems of a Brazilian sugar cane variety widely used in organic farming. 16S rRNA gene sequence analysis revealed that strain ICB 89 T belonged to the genus 
, was isolated from stems of a Brazilian sugar cane variety widely used in organic farming. 16S rRNA gene sequence analysis revealed that strain ICB 89 T belonged to the genus In a study investigating the biodiversity of endophytic nitrogen-fixing bacteria in Brazilian organically cultivated sugar cane, 31 isolates were obtained from roots, stems and leaves. Nitrogen-fixing capability was determined by the acetylene reduction assay and the presence of the nifH sequence was detected by dot-blot hybridization. Analysis of ARDRA (amplified rDNA restriction analysis) patterns and 16S rRNA gene sequences revealed the presence of 11 different bacterial genera (not shown). One strain, designated ICB 89 T , of the genus Stenotrophomonas was investigated further.
At the time of writing, the genus Stenotrophomonas comprised seven recognized species. The type species, Stenotrophomonas maltophilia, is an important cause of nosocomial infections and is commonly found in a wide range of environmental niches (Palleroni & Bradbury, 1993) . It has been lately described in endophytic association with some agronomic species as exerting beneficial effects on growth (nitrogen fixation, phytohormone induction) and anti-fungal activity (Wolf et al., 2002; Vega et al., 2005; Idris et al., 2009) . Additionally, six environmental species are allocated to the genus: Stenotrophomonas nitritireducens, a N 2 O-producing bacterium isolated from ammonia-supplied biofilters (Finkmann et al., 2000) , Stenotrophomonas rhizophila, a plant-associated species displaying antifungal activity (Wolf et al., 2002) , Stenotrophomonas acidaminiphila, isolated from a laboratory-scale methanogenic reactor treating industrial wastewater (Assih et al., 2002) , Stenotrophomonas koreensis, isolated from compost (Yang et al., 2006) , and Stenotrophomonas terrae and Stenotrophomonas humi, nitratereducing species isolated from soil samples (Heylen et al., 2007) . During the review process, the name of an eighth species, Stenotrophomonas chelatiphaga, isolated from sewage sludge, was validly published (Kaparullina et al., 2009 (Kaparullina et al., , 2010 . Here, we present the first report of a species of the genus Stenotrophomonas that fixes nitrogen in sugar cane.
Strain ICB 89
T was isolated from sugar cane (Saccharum officinarum) variety SP80-1842 (Azevêdo et al., 2003 which was being cultivated organically. Leaves, stem and roots were externally decontaminated and macerated in sterile saline, essentially as described by Döbereiner (1980) . Selective semi-solid NFb medium was inoculated with aliquots of macerated plant material (Hartmann & Baldani, 2006) and incubated at 30 u C for up to 10 days. Nitrogen fixation was determined by the standard assay described by Turner & Gibson (1980) . Briefly, replicates of the enrichment cultures or, alternatively, vials inoculated with pure cultures, were injected with 1 ml pure acetylene into the headspace (10 % of vial volume) and incubated at 30 u C for 24 h. Acetylene reduction was detected by GC essentially as described by Liba et al. (2006) . Semi-solid NFb medium was inoculated with single colonies of nitrogen-fixing bacteria to confirm nitrogen-fixing ability by acetylene reduction (Liba et al., 2006) .
To determine the presence of nifH in strain ICB 89 T , genomic DNA was obtained by using the Wizard Genomic DNA purification kit (Promega) and spotted onto Hybond 32 P N+ membranes, according to the manufacturers' instructions. Dot-blot hybridization was carried out using a 705 bp probe for the nifH sequence of Azospirillum brasilense ATCC 29145 T (GenBank accession no. M64344), which was prepared by PCR amplification using the primers PPf (59-GCAAGTCCACCACCTCC-39) and PPr (59-TCGCGTGGACCTTGTTG-39) described by Reinhardt et al. (2008) . Probe labelling and hybridizations were performed using the GE HealthCare ECL system according to the manufacturer's instructions. Hybridizations were carried out at 60 uC for 16 h without formamide.
T reduced acetylene, which indicated its ability to fix nitrogen. Dot-blot hybridization revealed the presence of a nifH-related sequence. No hybridization was detected with bovine genomic DNA as a negative control, whereas a strong hybridization signal was obtained with A. brasilense ATCC 29145
T genomic DNA as a positive control; thus, probe specificity was confirmed. The dotblot hybridization experiment corroborated the nitrogenfixing ability of strain ICB 89 T indicated by the acetylene reduction assay.
For analysis of the 16S rRNA gene sequence of strain ICB 89 T , amplification of the 16S rRNA gene was performed using 30-50 ng DNA in 50 ml reaction mixtures containing (l 21 ) 2 mmol MgCl 2 , 200 mmol each dNTP, 0.3 mmol each universal primer (27f, 59-AGAGTTGATCCTGGCTCAG-39; 1525r, 59-AAGGAGGTGWTCCARCC-39) and 2 U Taq DNA polymerase (Invitrogen) in the recommended buffer. Amplification was performed in an Eppendorf Master Cycler Gradient with an initial extension at 94 u C for 2 min, 30 cycles at 94 u C for 1 min, 55 u C for 1 min and 72 u C for 3 min and a final extension at 72 u C for 10 min. Sequence analysis was performed using a MegaBACE 1000 DNA sequencer (GE Healthcare). PCR products were purified with a GFX PCR DNA and gel band purification kit (cat no. 28-9034-70; GE Healthcare), according to the manufacturer's instructions, and eluted in 30 ml sterile MilliQ water. Subsequently, 5.0 ml purified PCR product was mixed with 4.0 ml DYEnamic ET Dye Terminator Kit (GE Healthcare) and 1.0 ml sequencing primer (0.5 mmol l
21
). The primers used in the sequencing reactions were 27f, 530f (59-CAGCAGCCGCGGTAATAC-39), MG5f (59-AAACTCAAAGGAATTGACGG-39) and 1525r. The sequencing program consisted of 30 cycles at 95 uC for 20 s, 55 u C for 15 s and 60 u C for 60 s. Sequencing products were purified according to the manufacturer's instructions. The 16S rRNA gene sequence of strain ICB 89
T was compared to bacterial sequences deposited in GenBank (Altschul et al., 1997) in order to identify the isolate at the genus level. Sequences with high 16S rRNA gene sequence similarity were retrieved and consensus sequences were aligned using CLUSTAL W (Altschul et al., 1990 ) using MEGA4 (http://www.megasoftware.net). Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood and maximum-parsimony methods. The resultant tree topologies were evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 replicates. To investigate further the relationships between strain ICB 89 T and its closest phylogenetic neighbours, DNA-DNA hybridization and phenotypic analysis were performed. Genomic DNA was prepared according to a modification (Cleenwerck et al., 2002) of the procedure of Wilson (1987) . DNA-DNA hybridization was performed at 45 u C according to a modification (Goris et al., 1998; Cleenwerck et al., 2002) of the method described by Ezaki et al. (1989) . Reciprocal reactions were performed for every hybridization pair and the variation was within the limits of this method (Goris et al., 1998) . DNA-DNA reassociation was calculated as the mean of a minimum of four replications. The DNA G+C content of strain ICB 89 T was determined according to the HPLC method (Mesbah et al., 1989 (Wayne et al., 1987) . DNA-DNA relatedness between strain ICB 89 T and [P.] hibiscicola LMG 980 T was 68±3.0 %, but these two strains presented quite different phenotypic features, as shown in Table 1 , which confirmed that strain ICB 89 T belonged to a novel species. The G+C content of strain ICB 89 T was 67.5 mol%, which is consistent with the G+C content reported for the genus Stenotrophomonas (Assih et al., 2002; Yang et al., 2006; Heylen et al., 2007) . Cell morphology, motility and possible sporulation were investigated using an Olympus CH-2 microscope with cells grown on TSA medium for 24 h at 28 u C. Cells were found to be Gram-negative (Palleroni, 2005) , catalase-positive and oxidase-negative (Cappuccino & Sherman, 2002) . Carbon source utilization and enzyme production were tested using the API 20 E, API ZYM and API 50 CH systems (bioMérieux), according to the manufacturer's instructions. Growth at 4-45 u C, at pH 4.0-14.0 at 30 u C and with 0.5-6.0 % (w/v) NaCl at 30 u C was recorded after incubation for 48 h on TSA. The phenotypic and biochemical characteristics of the type strains of all of the species of the genus Stenotrophomonas are compared in Table 1 .
Fatty acid analysis was performed using the Microbial Identification system (MIDI). Cells of strain ICB 89
T were incubated for 24 h at 30 u C on TSA medium. Fatty acids were extracted with the Instant FAME kit (MIDI). Samples were analysed by GC in an Agilent 7890 chromatograph and results were compared with the ITSA 1.0 reference database (Visô tto et al., 2009). The fatty acid composition of strain ICB 89 T is given in Table 2 . The most abundant fatty acids were iso-C 15 : 0 (38.9 %), anteiso-C 15 : 0 (14.4 %), summed feature 3 (consisting of C 16 : 1 v7c and/or C 16 : 1 v6c; 11.9 %) and C 16 : 0 (9.8 %). The fatty acids iso-C 11 : 0 , iso-C 11 : 0 3-OH, C 12 : 0 3-OH, iso-C 12 : 0 3-OH and iso-C 13 : 0 3-OH were not detected in strain ICB 89
T , which reflects the close relationships between these strains. Overall, the fatty acid profile of strain ICB 89
T is similar to those of Stenotrophomonas species (Assih et al., 2002; Wolf et al., 2002; Heylen et al., 2007) . Strain ICB 89 T shows morphological and biochemical characteristics typical of the genus Stenotrophomonas and it can be clearly differentiated from other members of the genera Stenotrophomonas and Pseudomonas by several phenotypic properties.
On the basis of phylogenetic, chemotaxonomic and phenotypic analysis, strain ICB 89
T represents a novel species within the genus Stenotrophomonas, for which the name Stenotrophomonas pavanii sp. nov. is proposed.
Description of Stenotrophomonas pavanii sp. nov.
Stenotrophomonas pavanii (pa.va9ni.i. N.L. gen. n. pavanii of Pavan, named in honour of the Brazilian geneticist Crodowaldo Pavan). 
Data in parentheses taken from: a, Yang et al. (2006); b, Finkmann et al. (2000) ; c, Assih et al. (2002); d, Wolf et al. (2002) ; e, Drancourt et al. (1997) .
Stenotrophomonas pavanii sp. nov., from sugar cane Cells are Gram-negative and non-motile and do not form spores. Catalase-positive and oxidase-negative. Growth is observed at 20-37 u C (but not at 4 or 40 u C), at pH 5-12 (but not at pH 4 or 13) and with 0.7-3 % NaCl (but not with 4 % NaCl). Positive for assimilation of aesculin and citrate, but negative for assimilation of acetoin, glucose, mannitol, inositol, D-sorbitol, rhamnose, sucrose, melibiose, amygdalin, arabinose, glycerol, erythritol, D- The type strain, ICB 89 T (5CBMAI 564 T 5LMG 25348 T ), was isolated from stems of sugar cane variety SP80-1842. 
